Summary: Superior dental rami diverging from arterial multi-resources of the crab-eating monkey were investigated by means of plastic corrosion castings. Correlations between the dental ramus/rami entering the apical foramen/foramina of each maxillary tooth were elucidated. Superior dental rami supplying the maxillary teeth diverged from the posterior superior alveolar, infraorbital, descending palatine, major palatine and sphenopalatine arteries as follows: The posterior superior alveolar gave rise to molar branches which supplied three molars and rarely an additional two premolars, to premolar branches and to a canine branch as its terminus. The infraorbital gave of canine branches. The descending palatine gave rise to a molar branch which supplied the lingual root of each molar. The major palatine gave rise to a premolar branch which supplied the lingual roots of two premolars and the 1st molar, and an incisive branch which supplied two incisors. The sphenopalatine supplied the lingual root of each molar and rarely the 1st premolar in addition. Two incisors were supplied by the major palatine (100%), the canine by the posterior superior alveolar (50%), this artery and the infraorbital (43.3%) or the infraorbital only (6.7%). Three roots of each premolar were supplied by the posterior superior alveolar, occasionally the lingual root (16.7%) and mesiobuccal root (3.3%) of the 1st premolar by the major palatine, the lingual root of the 2nd premolar by the major palatine (6.7%) and the sphenopalatine (3.3%). Two buccal roots of each molar were also supplied by the posterior superior alveolar (100%), occasionally the lingual root of the 1st molar by the descending palatine (6.7%), the major palatine (6.7%) or the sphenopalatine (3.3%), the lingual root of the 2nd molar by the descending palatine (30%), the sphenopalatine (10.0%) or the infraorbital (3.3%), the lingual root of the 3rd molar by the descending palatine (23.3%), the sphenopalatine (20.0%) or the infraorbital (3.3%). Superior dental rami diverging from the posterior superior alveolar artery were distributed to the molars, premolars and canine as principal arterial vessels of the crab-eating monkey. The descending palatine, sphenopalatine and the infraorbital arteries were supplementary to the above main arteries. Two incisors were only supplied by the major palatine but the anterior and middle superior alveolar were not observed.
Blood vessels nourishing the teeth have been roughly reported in mammals and man by many investigators. To be precise, an arterial vessel which passes through an apical foramen or related foramina to supply the dental pulp should be named the ramus pulpalis "proper". Accordingly, correlations between each root of an individual tooth and one or more arterial vessels coming from many resources and entering the relevant apical foramen should be able to be elucidated. The present paper deals with the above correlations on the crab-eating monkey utilizing the plastic injection method.
Materials and Methods
Fifteen adult and one young crab-eating monkeys (Macaca fascicularis) and one adult skull were employed for this study. Acryl plastic was injected via the common carotid arteries by means of the plastic injection method (Taniguchi, Ohta et al. , 1952 , 1955 . Soft structures of the injected heads were treated with 20% sodium hydroxide to prepare corrosion casts of the carotid system. After gluing each tooth in a relevant alveolus with cyanoacrylate monomer (Aron Alpha Ac8), corrosion casts with the tooth and bone were microdissected carefully under a stereoscopic microscope. Observations and measurements were preformed on all the heads under a binocular microscope.
Findings
The dental formula of the crab-eating monkey was as follows: 11I2CP1PIM1M2M s 11C
P1 P, M1 MM32. The maxillary central , 3 and lateral incisors and the canine had one root, respectively (Fig. la) . Each premolar had three roots: the mesio-(MB), distobuccal (DB) and lingual (L) roots were similar in length and thickness, but the distobuccal was always thinner and shorter. The distobuccal root of the second premolar was shortest. As well, each molar had three roots; the lingual root was thickest and the mesiobuccal root was similar to the distobuccal root in length and thickness.
1. Dental rami supplying the maxillary teeth ( Fig. la) The maxillary artery (710-1050, M. 840 pm in diameter) gave rise to a common trunk between the sphenopalatine and descending palatine arteries superomedially, being similar in diameter at the inferolateral end of the pterygopalatine fossa, and ascended on the posterior surface of the maxilla up to the posterior end of the infraorbital sulcus, where it divided into the infraorbital and the posterior superior alveolar arteries (Fig. 2) . The former, being thin, bent forward in the infraorbital sulcus, while the latter, maintaining its original diameter, passed anteroinferolaterally to enter the alveolar foramen. The above common trunk ran superomedially on the posterior surface of the maxilla and posteromedial to the maxillary artery. It entered the major palatine canal after giving off the sphenopalatine at its superior end and continued anteroinferiorly as the descending palatine artery, which emerged from the major palatine foramen as the major palatine artery (Figs. 8 and 10 ).
The maxillary teeth in general were supplied by dental rami arising from the posterior superior alveolar, the infraorbital, the descending palatine and the major palatine and the sphenopalatine arteries. The posterior superior alveolar artery (430-620, M. 520 pm in diameter) entered the alveolar foramen situated in the posterosuperolateral corner of the maxillary tuber and passed inferolaterally, then forward in the alveolar canal running in the lateral or inferolateral wall of the maxillary sinus with a slightly lateral curve. En route it gave off 2 to 5 molar branches and 1 to 4 premolar branches and terminated in the canine branch at the anteroinferolateral corner of the sinus, that is, inferoposterolateral to the canine root apex (Figs. la and 2) .
In a young monkey (one year old), the posterior superior alveolar artery meandered anteromedially around the deciduous canine and incisor apecies up to the median line (Fig. 3) . A branch arising between the incisors passed inferoposteriorly around the apical side of the tooth germ of the permanent central incisor, then downward on the lingual side of this germ, and finally anastomosed with the major palatine artery on the lingual side of the deciduous lateral incisor (Fig. 3 Inset) . a) Molar branches (Figs. 2, 4 and 7) These branches (120-430, M. 260 Rm in diameter) were numbered 2 to 5 in each of all 30 examples observed. Their origins were located on the inferomedial wall of the posterior superior alveolar artery in the alveolar canal ( Figs. la and 2 ). The posterior one or two of them diverged directly from the maxillary artery in 6 cases. Each origin of the molar branches was located posterosuperior to the root apex of the relevant molar and ran anteroinferiorly to spread to the dental, pulpal and alveolar branches which supplied three molars (Figs. 7 and 8 ). When these branches were well developed, they supplied the distobuccal root of the 2nd premolar in addition ( This branch (250-310, M. 270 lam in diameter), observed in all examples, appeared to be a course continuation of the posterior superior alveolar as its terminus. It arose in the maxillary sinus wall, inferior to the infraorbital foramen and ran anterosuperiorly, then superiorly, up to a position posterosuperior to the canine apex, where it spread to the dental, pulpal and alveolar branches, which supplied the mesial alveolar wall of the canine, passing anterior or posterior to it (Figs. 2 and 6). In 13 cases, it supplied the canine in company with a similar branch from the infraorbital artery (Fig. 5 ). In other 2 cases, it did not enter the apical foramen of the canine but terminated to supply its distal alveolar wall only (Fig. 4) . The infraorbital artery (186-496, M. 317 !.tm in diameter) of the crab-eating monkey, spread to several branches (120-295, M. 237 im in diameter) , each of which passed forward in its own groove ( Fig. 6 ) with the satellite nerve. The medialmost one of them was the thickest in all cases with a medial curvature before the entrance of the infraorbital canal up to the nasolacrimal canal , maintaining the original thickness. The molar branch diverged from the medialmost infraorbital and the canine branches from the above curvature (Fig. 5) . These branches (60-220, M. 130 [km in diameter), observed as several small branches in 15 cases, diverged anteroinferiorly from the inferior wall of the infraorbital at a position posterosuperior to the canine apex in the bone. They supplied the canine in two cases (Fig. 4) , and in the other 13, in which the root formation of the canine was still incomplete, supplied it in company with the canine branch from the posterior superior alveolar (Fig. 5 ).
3) Dental ramus of the descending palatine artery (Figs. lb and 9)
The descending palatine artery (589-806, M. 6951km in diameter) gave rise to the molar branch (190-430, M. 250 [km in diameter) in the major palatine canal in 10 cases. It arose from the inferior or medial wall of this artery and passed in the major palatine canal or within the bone substance between the above canal and the maxillary sinus wall. It supplied all three lingual roots of three molars (Fig. 9 ). 4) Dental ramus of the major palatine artery (Figs. lb, 10 and 11)
The major palatine artery (496-682, M. 576 Rm in diameter) passed forward, giving off many medial and lateral branches (Kajiwara, 1989) to the palatine mucosa ( Fig. 10) , up to the incisive foramen, where it terminated to an incisive branch (Fig. 10) . a) Premolar branch (Figs. 9, 10 and 11)
This branch (220-230, M. 230 tim in diameter) was observed to be an end of the above-mentioned lateral branch arising medial to the premolars in 5 cases. It entered a small foramen situated on the lingual alveolar wall of the 2nd premolar (Fig. 10 ) and supplied the lingual and mesiobuccal roots of the 1st premolar (Fig. 11) , the lingual root of the 2nd premolar (Fig. 9) , and in two cases, the lingual root of the 1st molar in addition. b) Incisive branch (Figs. 10 and 11) This branch (250-400, M. 32011,m in diameter), observed in all examples, became a terminus of the major palatine, which entered a small foramen (Fig. 10 ) located lateral to the incisive foramen and immediately divided. One branch supplied the central incisor after running posterosuperiorly in its distal alveolar wall and the other supplied the lateral incisor superolaterally (Fig. 11) . 2. Correlations between blood supply resources of the dental rami and each maxillary tooth The five arteries mentioned above were the parent arteries for the dental rami or ramus of each tooth. Distribution aspects or correlations between each ramus and each root were summarized (Table 1) as follows:
1) Central and lateral incisors and canine
The central and lateral incisors were supplied by the dental rami diverging from the major palatine in 100% of all examples observed. The canine was supplied by the dental rami of the posterior superior alveolar in 50.0% , from both this artery and the infraorbital in 43.3% , and from the infraorbital only in 6.7%.
2) Premolars
The 1st and 2nd premolars have three roots, respectively, the mesiobuccal (MB), the distobuccal (DB) and the lingual (L). These roots were supplied by the posterior superior alveolar almost in all examples. However, the mesiobuccal root of the 1st premolar was supplied by the major palatine artery (3.3%), the lingual root by the same artery (16.7%); and the lingual root of the 2nd premolar by the major palatine (6.7%) or the sphenopalatine (3.3%) instead of the posterior superior alveolar artery.
3) Molars
Each molar tooth had three roots as observed in premolars. In all examples observed, the buccal two roots of all molars were supplied by the posterior superior alveolar artery (100%). Instead of this artery, the following arteries also were observed in some cases: The lingual root of the 1st molar was supplied by the descending palatine (6.7%), the major palatine (6.7%) or the sphenopalatine arteries (3.3%). The lingual root of the 2nd molar was supplied by the descending palatine (30.0%), the sphenopalatine (10.0%) or the infraorbital artery (3.3%). The lingual root of the 3rd molar was supplied by the descending palatine (23.3% ), the sphenopalatine (20.0%) or the infraorbital (3.3%) artery.
Discussion
General descriptions of the dental branch or ramus have used obscure expressions, such as saying that a dental ramus is composed of the pulpal, gingival and periodontal branches. The present findings were obtained by paying special attention to correlations between the pulpal proper branch and the relevant tooth. The crab-eating monkey has been used as a laboratory animal in producing experimental examinations in the medical and dental fields, because the morphological aspects of its teeth and jaws resemble those of human subjects. There have been, however, very few studies investigating the basic morphology of blood supply to the teeth and correlations between tooth morphology and arterial supply resources even in descriptions of the respective roots. The central and lateral incisors and canine had one root, respectively, but the premolar and molar had three roots in all examples observed. The rami dentales superiores arosefrom the postenor superior alveolar (supplying teeth ranging from the 3rd molar to the canine), the infraorbital (supplying the canine), the major palatine (the incisors and the lingual roots of the premolars, and the first molar in some cases), the descending palatine and the sphenopalatine arteries (supplying the lingual roots of the molars), as shown in Table 1 . Castelli and Huelke (1965) in the rhesus monkey and Matsukawa (1969) in the crab-eating monkey described that the posterior superior alveolar was distributed to the premolars, molars, canine and these gingivae, and as well the major palatine to the incisors via a small foramen located posterior to them. Castelli and Dempster (1965) in their studies on the periodontal vasculature stated that the periphery of the major palatine artery of the rhesus monkey was distributed to the maxillary incisors. Kajiwara (1989) , in his work investigating the microvasculature of the palatine ridge, pointed out that this periphery of the Japanese monkey also supplied these teeth. However, these investigators did not elucidate correlations between the supplying blood vessels and the relevant teeth. In man, supplying arteries of the maxillary teeth have been described as follows. The posterior and anterior superior alveolar arteries were described as nutrient vessels to the maxillaryteeth in textbooks written by RauberKopsch (1955), Scott and Dixon (1978) and DuBrull (1980). Gray's Anatomy (1989), Woelfel (1990) and Brand and Isselhard (1990) stated that the posterior and middle superior alveolar arteries were distributed to the molars and premolars, the anterior superior alveolar to the incisors and canine. Diamond (1952) provided a rough description that the posterior superior alveolar was distributed to the molars and canine, the anterior superior alveolar to the anterior teeth. Watanabe (1963) investigated arterial branches supplying deciduous tooth germs and described that the anterior and posterior superior alveolar arteries entered via an apical foramen and the major palatine, nasopalatine, facial and infraorbital arteries penetrated the bone wall or gingiva to supply the occlusal and lateral surfaces of the tooth germs. In brief, the posterior, middle and anterior superior alveolar arteries supplied the upper teeth, while, the canine was supplied by the first or last arteries, because it was located just at the boundary between the distribution territories of the anterior and posterior supplying vessels. In the rabbit, the posterior superior alveolar artery supplied the premolars and molars from their lateral side, as reported by Hata et al. (1965) . Deguchi (1977) reported that the middle superior alveolar in the rabbit supplied the premolars and molars from their medial side, the anterior superior alveolar artery supplied the major and minor incisors, and in some cases the major palatine artery supplied the minor incisor. In the dog, Suzuki (1977) investigated correlations between all roots of the upper teeth and nutrient arterial vessels in detail. In addition to the three superior alveolar arteries, the major palatine artery was distributed to II, 12, 13 and the lingual root of 134, the sphenopalatine to I, 12, 13, P1, P2 and P3. These distribution aspects were similar to those in the crab-eating monkey.
In general, the posterior superior alveolar artery is a constant nutrient vessel for the upper teeth of mammals, but the infraorbital and descending palatine arteries are characteristic of the crab-eating monkey. The middle and anterior superior alveolar arteries in usual cases of the dog and man were not observed in the crab-eating monkey, although the major palatine and sphenopalatine arteries participated as reported in the dog by Suzuki (1977) . The fot mer was only a resource for the central and lateral incisors and the latter for the lingual roots of the molars in the crab-eating monkey. Why does the major palatine artery send off dental rami to the incisors? Simultaneously, why does the anterior superior alveolar artery of the infraorbital disappear? The maxillary sinus of the dog is not well developed, but is in the foim of a recess, so that the vertical dimension of the maxilla is usually rather small. The infraorbital artery or the middle superior alveolar arteries pass forward fairly close to the apices of the posterior teeth. Additionally, the dog snout usually elongates forward, compressing perpendicularly, and in its component skeleton the premaxillary or incisive bone holds in the incisors. Although nutrient vessels of the premolars pass forward, they are unable to reach the incisors beyond the canine because of the lower perpendicular height of the skeleton and a huge canine root. In the crab-eating monkey, the distribution territory of the posterior superior alveolar extends up to the canine but does not reach the incisors. The infraorbital artery ramifies into several branches, which pass at a distance from the incisor roots since the maxillary sinus is well developed perpendicularly. The incisors and canine are innervated by the infraorbital nerve. Nevertheless, only incisors are supplied by the major palatine artery, which should be a nutrient vessel of the superior wall of the oral cavity. In some mammals, the premaxillary or incisive bone, in which the incisors erupt, is supplied by a branch of the sphenopalatine artery (in the dog by Suzuki, 1977) . In the several morphological conditions mentioned above, it may be that the upper incisors are forced to be nourished by the major palatine instead of the middle and anterior superior alveolar arteries, and the lingual roots of the posterior teeth as well by passage of the artery. In Fig. 2 , the posterior superior alveolar artery (pa) gives off molar branches (mb) and premolar branches (pb), and terminates in the canine branch (cb). ia: infraorbital artery, ma: maxillary artery, 4, : infraorbital foramen.
In Fig. 3 , the posterior superior alveolar artery (pa) in a young (one year old) monkey supplies the deciduous central (A) and lateral (B) incisors, passing beyond the deciduous canine (C). An inset shows a lateral view after removal of (B) and (C). A thick branch (arrow) descends on the lingual side of the dental sac of li (*) and anastomoses with the major palatine artery (mp). ia: infraorbital artery.
Arrows beneath each figure number indicate the snout direction. In Fig. 4 , this artery (pa) terminates to the canine branch (cb), which supplies the distal wall of its alveolus after giving off the molar (mb) and premolar (pb) branches. The canine branches ( ) of the infraorbital artery (ia) enter the canine apical foramen. The molar branch supplies the distobuccal root (4-) of P2 in addition.
In cb: canine branch, mb: molar branches, pa: posterior superior alveolar artery, pb: premolar branches.
In Fig. 6 , the premolar branches supply all roots (MB, DB and L) of Pi and P2. : infraorbital foramen, *: maxilla, ->: suture between the maxilla and premaxilla, : canine apex.
In Fig. 7 , the molar branches of the posterior superior alveolar artery supply the mesio-, distobuccal and lingual roots of MI. M2 and M3. Lingual roots of MI and M2 are not exposed, and M3 has not erupted yet, ia: infraorbital artery.
Figs. 8 and 9. Blood supply of the premolars and molars (medial view of the right side). x 2.
mp: major palatine artery, I : major palatine foramen.
In Fig. 8 , the molar branches (mb) of the posterior superior alveolar artery (pa) supply the lingual roots of MI (3) and M2 (4) , and the premolar branches (pb) supply the lingual root of P1 (1) and P2 (2). In Fig. 9 , the molar branch ( ) of the descending palatine artery supplies the lingual roots of M1 (3), M2 (4) and M3 (5).
The premolar branch (->) of the major palatine artery supplies the lingual root of P2 (2). 
